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© An electrical insulation (14) comprises an or- 
ganic polymer containing a powdered filler with parts 
with a thickness of more than 1 mm, which insulation 
is intended to be subjected to an electrical field 
strength of at least 0.5 kV/mm built up by an al- 
ternating voltage. The insulation contains a pow- 
dered filler In the form of chromium oxide (C^Os), 
iron oxide (Fe 2 03), metal phthalocyanine, or a mix- 
ture of at least two substances of these kinds in 
such a content that the amount of the powdered filler 
constitutes at least 10% of the total volume of the 
organic polymer and the powdered filler. The elec- 
trical insulation may, inter alia, be arranged as an 
insulation (14) around conductor bundles (17) in coils 
for electrical machines, as insulation between con- 
ductor layers in layer-wound transformers, as insula- 
tion around core and windings in instrument trans- 
formers, as insulation between conductor and 
grounded casing in SFg -insulated conductors, and as 
insulation between conductor and grounded screen 



in a cable. 
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ELECTRICAL INSULATION 



The present invention relates to an electrical 
Insulation comprising an organic polymer contain- 
ing a powdered filler. 

In relatively thick-walled insulations for high 
voltage equipment, such as in the form of many 
products of moulded resins, in the form "of resin- 
impregnated windings of, for example mica tape, 
and in the form of many compression-moulded, 
injection-moulded or extruded parts of filler-contain- 
ing resins, sensitivity to corona (partial discharges) 
constitutes a serious problem. In the manufacture 
of relatively thick-walled insulations using the meth- 
ods mentioned, cavities and pores are easily 
formed therein, which result in internal corona 
when the insulations are subjected to high voltage 
stresses. The corona gradually erodes the material, 
which may lead to an electrical breakdown of the 
insulation. The insulations of the kind mentioned 
often contain powdered and fibrous fillers, such as, 
for example, aluminium oxide and chalk, and glass 
fibre, respectively. 

The invention aims at developing an electrical 
insulation of the above-mentioned kind which ex- 
hibit a considerably increased resistance to internal 
electrical partial discharges. 

To achieve this aim the invention suggests an 
electrical insulation according to the introductory 
part of claim 1, which is characterized by the 
features of the characterizing part of claim 1. 

According to the invention, a sufficient quantity 
of at least one of the substances chromium oxide, 
iron oxide or metal phthalocyanine in powdered 
form is incorporated in the insulation. 

A possible explanation of the favourable results 
obtained according to the invention may be that the 
corona in cavities and pores "sputters away" in- 
sulating polymer material from the surfaces of the 
cavities and pores, respectively. When using chro- 
mium oxide or iron oxide as filler, chromium oxide 
or iron oxide are then exposed on the surfaces of 
the cavities and the pores, respectively. Because of 
their lower resistivity the chromium oxide or iron 
oxide thus increases the electrical conductivity lo- 
cally in the surface layer of the cavities and the 
pores, respectively, sufficiently for the extremely 
concentrated effect of a corona discharge to 
spread over a larger surface, its effects thus being 
effectively reduced. Also when using metal 
phthalocyanine, it is assumed that a corona dis- 
charge will spread over a larger surface. Owing to 
this process in cavities and pores, surrounding 
parts of the insulation are protected against the 
corona. 

As examples of usable metal phthalocyanines 
may be mentioned phthalocyanines of copper, iron, 



nickel, cobalt, magnesium, aluminium, manganese, 
tin, chromium, and zinc, separately or in a mixture. 
Particularly preferred, among other things for eco- 
nomical reasons, is copper phthalocyanine, and 
5 then particularly a-copper phthalocyanine. 

The chromium oxide, the iron oxide and the 
metal phthalocyanine, respectively, preferably have 
an intrinsic resistivity of.lO 4 -!^ ohm-m. 

The filler-containing polymer preferably has a 
10 resistivity In excess of 10 10 ohm-m. 

The content of powdered filler in the form of 
chromium oxide, iron oxide, metal phthalocyanine, 
or a mixture of at least two substances of these 
kinds, preferably constitutes 10-40% of the total 
75 volume of organic polymer and this powdered filler. 

The particle size of the filler mentioned in the 
preceding paragraph is suitably 0.005-30 urn and 
preferably 0.005-5 urn. 

A particular advantage of chromium oxide is 
20 that it gives the film a corona resistance which is 
not, or only insignificantly, reduced by the influ- 
ence of external factors, such as moisture. 

A particular advantage of the phthalocyanine is 
that it gives the insulation a particularly low loss 
25 factor. 

The organic polymer in the insulation may con- 
sist of different thermosetting resins and thermo- 
plastic resins of such kinds as are conventionally 
used for the manufacture of insulations using stan- 

30 dard forming methods such as casting, impregna- 
tion, compression moulding, injection moulding and 
extrusion. As examples of polymers which are par- 
ticularly well suited for casting, impregnation and 
compression moulding may be mentioned curable 

35 epoxy resins, unsaturated polyester resins, poly- 
urethane resins, acrylic resins and silicone resins. 
These curable resins are preferably used without a 
solvent in the case of casting and compression 
moulding and normally dissolved in a solvent in the 

40 case of impregnation. As examples of polymers 
which are particularly well suited for injection 
moulding and extrusion may be mentioned linear 
polymers such as polyimide, polycarbonate, poly- 
sulfone, including polyarylsulfone and poiyethersul- 

45 tone, polyetherimide, thermoplastic polyester such 
as polyethyleneglycol terephthalate and poly- 
butyleneglycol terephthalate, polyethylene, 
copolymerisate of ethylene and propylene, or of 
ethylene and propylene with diene monomers such 

so as dicyclopentadiene with double links remaining 
from the diene monomer molecules after the poly- 
merization, and polyethylene and the mentioned 
copolymerisate which, after forming, are subjected 
to cross linking. 

The organic polymer may contain, in addition 

2 
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to chromium oxide, iron oxide and/or metal 
phthalocyanine, fillers of conventional kind, in the 
following referred to as indifferent fillers, such as 
aluminium oxide, chalk, kaolin, dolomite, talcum, 
mica powder, quartz. The content of such indiffer- 
ent fillers suitably amounts to 10-50% and prefer- 
ably to 20-45% of the total volume of organic 
polymer and indifferent fillers. In addition, the or- 
ganic polymer, especially when applying the inven- 
tion to compression moulding with organic polymer 
in the form of a thermosetting resin, may contain a 
fibrous reinforcing material such as short fibres of 
glass, polyamide or carbon. The content of such 
fibrous reinforcing material, if used, suitably 
amounts to 1-20%, preferably to 5-15% of the total 
volume of organic polymer and fibrous filler. 

Especially when applied to injectipn moulding 
and extrusion with an organic polymer in the form 
of a linear polymer, the organic polymer may con- 
tain conventional additives such as plasticizer, for 
example dioctylphthalate, peroxide (in case of 
cross linking), for example di-a-cumyl peroxide, 
activator for the peroxide, for example triallyl- 
cyanurate, antioxidant, for example polymerized 
trimethyldihydro quinoline, and flame retardant, for 
example antimony trioxide. 

As examples of high voltage equipment, which 
may advantageously be provided with an electrical 
insulation according to the present invention, the 
following may be mentioned. 

- As main insulation in form-wound coils for 
electrical machines for an operating voltage 
of at least 2 kV. the insulation is then ar- 
ranged around a bundle of a plurality of 
lengths, arranged side by side, of conductors 
of rectangular cross-section for insulation of 
the bundle against the walls of slots in a 
stator or rotor of the machine. 

- As insulation between conductor layers in the 
winding of a layer-wound transformer or reac- 
tor for an operating voltage of at least 5 kV. 

- As an insulation cast around at least part of 
the core and at least one of the windings in 
an instrument transformer for an operating 

- voltage of at least 2 kV. . 

- As a solid insulation between a conductor for 
an operating voltage of at least 6 kV along 
part of the axial extension of the conductor 
and a grounded casing surrounding the con- 
ductor, which casing is filled with SF 6 -gas, 
which, together with the solid insulation, in- 
sulates the conductor against the casing. 

- As insulation between a conductor and a 
grounded screen in a cable for an operating 
voltage of at least 2 kV. 

By way of example, the invention will now be 
described in greater detail with reference to the 
accompanying drawings showing in 
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Figure 1 a side view of a coil for an electrical 
machine with a main insulation ac- 
cording to the invention, 
Figure 2 the coil of Figure 1 in cross-section, 
Figure 3 a longitudinal section through a 
winding for a layer-wound trans- 
former with an insulation according 
to the invention, 
Figure 4 part of a section taken along line A- 

A in Figure 3, 
Figure 5 an instrument transformer with a 
surrounding cast insulation accord- 
ing to the invention, partly in front 
view, partly in cross-section, 
Figure 6 a cross-section of part of a conduc- 
tor, insulated with SFs-gas with a 
solid insulator in the form of an 
insulation according to the inven- 
tion, 

Figure 7 a cross-section of a high voltage 
cable with an insulation according 
to the invention. 
The coil according to Figure 1 has straight 
parts 10 and 11 intended to be placed in the stator 
25 slots of a high voltage machine, and bent end parts 
. 12 and 13 extending outside the slots of the ma- 
chine. The coil is provided with a main insulation 
14 according to the invention. The coil's terminals 
are designated 1 5 and 1 6. 
30 The coil according to Figure 1 , as will be clear 

from Figure 2, comprises a bundle 17 of several 
individual conductors 18 arranged side by side, 
each conductor being provided with a conductor 
insulation 19. The slots of the machine are des- 
35 ignates 20. The bundle 17 may consist of straight 
portions of several turns of one single conductor. 
The bundle 17 may also consist of several sepa- 
rate insulated conductors, usually called strands, 
which at their ends are electrically connected to 
40 each other, usually in parallel. The conductor in- 
sulation 19 may consist of only one enamel layer 
of such a type as is normally used for enamelling 
winding wire, such as a coating of epoxy resin, 
terephthalic acid alkyd, polyester imide, polyimide, 
46 polyamide imide, polyurethane, polysulfone, sili- 
cone, polyamide or a polymer based on poly- 
hydantoin. The conductor insulation may also con- 
sist of a wrapping of glass yarn which is impreg- 
nated with such an enamel and which is then 
so cured. Further, the conductor insulation may con- 
sist of a thin mica tape, wound or folded around the 
conductor, or a thin tape in the form of a film of a 
linear polymer such as polyimide, polycarbonate, 
polysulfone including polyarylsulfone and 
55 polyethersulfone, polyethermide, polyamide, 
polyamideimide, or polyethyleneglycol tereph- 
thalate. In the material used as conductor insula- 
tion, to counteract the occurrence of corona dam- 
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age, there may be incorporated powdered chro- 
mium oxide (Cr203), iron oxide (Fe20a), metal 
phthalocyanine, preferably copper phthalocyanine, 
or a mixture of at least two substances of these 
kinds in such an amount that the content of this 
powdered filler constitutes at least 10%, preferably 
10-40%, of the total volume of this powdered filler 
and organic polymer contained in the conductor 
insulation, such as in the form of the mentioned 
enamel or the mentioned linear polymer. In an 
exemplified concrete case the conductor insulation 
consists of a wrapping of glass yarn impregnated 
with an epoxy resin to which chromium oxide 
(C^Oa) has been added, which epoxy resin has 
thereafter been cured. The epoxy resin may con- 
sist of a poiyamide-modified epoxy resin (such as 
AF-42 from Minnesota Mining and Manufacturing 
Company). The conductor insulation may have a 
thickness of 100 urn and contain 20 per cent by 
volume chromium oxide with a grain size of less 
than 5 Jim. Instead of incorporating the mentioned 
filler chromium oxide, iron oxide or metal 
phthalocyanine into the polymer in the conductor 
insulation, the filler can be incorporated only in a 
protective layer protecting against corona damage 
applied on the surface of the enamel layer or on 
the outwardly-facing surface of that tape in the 
form of polymer film which is folded or wound 
around the conductor, the same content of the filler 
being used in the protective layer as has been 
stated above for the filler in the organic polymer of 
the conductor insulation. It is then suitable to use in 
the protective layer an organic polymer of the 
same kind as exemplified above as material in an 
enamel layer and which has been stated to be 
used normally for enamelling winding wire. As a 
concrete example of a conductor insulation with a 
protective layer may be mentioned a film of 
polyimide (e.g. Kapton® from Du Font), wound 
around the conductor, with a thickness of 75 urn, 
which film is provided on the outwardly-facing side 
with a protective layer of polyamide imide with a 
thickness of 25 urn and containing 25 per cent by 
volume chromium oxide (Cr203>. 

Around the conductor bundle, a micaceous 
main insulation 14 is arranged. It is built up by 
winding of an insulating tape with, for example, half 
an overlap. For example, this tape has a width of 
25 mm and consists of an 0.09 thick self-support- 
ing layer of small mica flakes overlapping each 
other and fixed to an 0.04 mm thick woven glass 
fibre tape with an 0.006 mm thick polyethylene 
glycol terephthalate film. When being fixed the film 
partially melts and accumulates at contact surfaces 
between mica tape and glass fibre threads. Such 
an insulating tape is described in Swedish Patent 
200 820. When the bundle has been provided with 
a wrapping of, for example, twenty layers of the 



mica tape, one layer located above the other, the 
winding is first evacuated at a pressure of 0.1 mm 
Hg and at a temperature of 40 °C, whereupon an 
impregnating resin containing copper 

5 phthalocyanine with a grain size of below 0.1 urn is 
supplied at the pressure mentioned for impregna- 
tion of the wrapping. When all resin has been 
supplied, the pressure is increased to, for example, 
10 kp/cm 2 . The resin may consist of 100 parts by 

io weight of an epoxy resin, which is manufactured in 
a manner known per se from epichlorhydrin and 
4.4 , -dioxydiphenyl dimethylmethane and which has 
an epoxy equivalent of 192, and 100 parts by 
weight of a curing agent consisting of a mixture of 

75 75 parts by weight hexahydrophthalic acid anhy- 
dride and 25 parts by weight tetrahydrophthalic 
acid anhydride. The volume of copper 
phthalocyanine in the resin amounts to 30% of the 
total volume of copper phthalocyanine and resin. 

20 Upon the impregnation, resin with copper 
phthalocyanine penetrates into spaces between the 
mica layers and into the mica layers themselves. In 
order for the resin not to penetrate out of the 
insulation during the subsequent curing operation, 

25 the impregnated conductor bundle with the mica 
tape wrapping may be surrounded by a sealing 
tape of polytetrafluoro ethylene or the like. The coil 
is then placed in a moulding tool for curing the 
resinous material. The curing is performed at a 

30 temperature of about 160* C for a period of 10 
hours. In the finished coil, mica constitutes 27%, 
resin 45%, copper phthalocyanine 20% and glass 
fibre 8% of the total volume of the main insulation. 
The solid insulating material in the main insula- 

35 tion may be impregnated with the impregnating 
resin either after the insulating material in the form 
of a wrapping has been applied around the conduc- 
tor bundle, as recently described, or before the 
solid insulating material is applied around the con- 

40 ductor bundle to form a wrapping. In the former 
case the powdered filler is supplied to the impreg- 
nating resin prior to the impregnation. In the latter 
case the filler can be supplied before or after the 
impregnation. When supplying it after impregna- 

45 tion, the filler may, for example, be applied as a 
surface layer on the impregnated insulating ma- 
terial before it is formed into a wrapping around the 
conductor bundle. 

Thus, in the manufacture of a coil according to 

50 Figures 1 and 2, the copper phthalocyanine and 
the impregnating resin, when applying the latter 
method, may be supplied to the mica tape before 
the winding of the tape around the conductor bun- 
dle 17, either by impregnating the tape with the 

55 resin containing copper phthalocyanine or by im- 
pregnating the tape with only the impregnating 
resin and coating the surface of the impregnated 
tape with copper phthalocyanine. The impregnating 

4 
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resin may then consist of 100 parts by weight of 
epoxynovolak "DEN 438" (Dow Chemical Co.) and 
3 parts by weight of the boron trifluoride complex 
"HZ 935 J50" (Ciba Geigy AG). The amount of 
copper phthalocyanine may constitute 20% of the 
total volume of resin and copper phthalocyanine. 
The tape Is wound around the conductor bundle 17 
with half an overlap into thirty layers located one 
above the other to form the main insulation 14. The 
coil is then placed in a moulding tool for curing the 
resin at a temperature of 160*C for a period of 8 
hours. This causes the filler, together with the res- 
in, to penetrate into and fill up all the spaces in the 
insulation 14. In the finished coil, mica constitutes 
27%, resin 52%, copper phthalocyanine 13% and 
glass fibre 8% of the total volume of the main 
insulation. 

Instead of using an insulating tape with mica in 
the two cases exemplified above, it is possible to 
use an insulating tape without mica, such as a 
woven glass fibre tape. When using an 0.2 mm 
thick woven glass fibre tape instead of mica tape in 
the above two exemplified cases, but otherwise 
using the same procedure, resin will constitute 
70%, copper phthalocyanine 23% and glass fibre 
7% of the total volume of the main insulation. 

Although many epoxy resins as well as unsatu- 
rated polyester resins suited for impregnation of 
form-wound coils are known, some additional ex- 
amples of such resins will be mentioned. Thus, 
there may be used, for example, a polyester resin 
consisting of 60 parts by weight of a reaction 
product of 3 moles maleic acid anhydride, 1 mole 
adipic acid and 4.4 moles ethylene glycol with an 
acid value of 30, and of 40 parts by weight diallyl- 
phthalate and containing 0.75% benzoyl peroxide 
and a polyester resin consisting of 70 parts by 
weight of a reaction produce of 1 mole fumaric 
acid, 1 mole phthalic acid and 2.2 moles propylene 
glycol with an acid value of 25, and of 30 parts by 
weight monostyrene and containing 0.5% benzoyl 
peroxide, as well as an epoxy resin consisting of 
100 parts by weight "Epon 828" (Shell Chemical 
Co.) and 65 parts hexahydrophthalic acid anhy- 
dride, an epoxy resin consisting of 85 parts by 
weight "Araldit F", 100 parts by weight "Curing 
Agent 905" (both from Ciba Geigy AG, Switzerland) 
and 1 5 parts by weight phenylglycidyl ether or an 
epoxy resin consisting of 100 parts by weight "Dow 
331" (Dow Chemical Co.) and 65 parts by weight 
tetrahydrophthalic acid anhydride. 

Figures 3 and 4 show a high voltage layer- 
wound winding for a transformer. In these figures 
21 designates a spacer between the conductors 22 
in the form of copper wire. The conductors are 
wound close to each other, in the axial direction, in 
layers 23. The spacers which keep the conductors 
at the intended distance from each other in the 



radial direction may consist of elongated impreg- 
nable elements 24, for example glass fibre roving, 
which form between them channels 25. Alternative- 
ly, the elements 24 may consist of a voidless line 

6 or rod of a linear polymer such as polyamide. The 
winding is impregnated with and cast into a filler- 
containing resin 26 so as to fill up all the voids in 
the winding including the impregnable elements 24 
when using such elements. As impregnating resin 

10 there is used a solvent-free resin such as an epoxy 
resin, an unsaturated polyester resin, or a polyure- 
thane resin. The resin, for example an epoxy resin 
consisting of 100 parts by weight of a resin of 
bisphenol type (e.g. Araldit F from Ciba AG), 100 

75 parts by weight curing agent of anhydride type 
(e.g. HY 905 from Ciba AG) and '1 part by weight 
amine accelerator (e.g. DY 061 from Ciba AG), 
contains copper phthalocyanine with a grain size of 
less than 0.1 urn and quartz powder with a grain 

20 size of less than 500 um so that the content of 
copper phthalocyanine constitutes 15% of the total 
volume of copper phthalocyanine and epoxy resin 
and the content of quartz powder 20% of the total 
volume of quartz powder and epoxy resin. In an 

25 analogous manner, a winding for a transformer, 
which in a known manner is built up of tape, 
usually aluminium tape, instead of threads 22 may 
be impregnated and surrounded with a cast resin. 
In the same way as has been describes for the 

30 manufacture of form-wound coils for electrical ma- 
chines, it is also possible to use an insulating tape, 
for example a glass fibre tape, pre-impregnated 
with the filler-containing resin, which tape is im- 
pregnated with the epoxy resin just mentioned and 

35 containing copper phthalocyanine and quartz pow- 
der to make an insulation 26 (Fig. 4) of the men- 
tioned kind for a layer-wound transformer, whether 
the conductors in each layer consist of a plurality 
of turns, arranged side-by-side, of a wire-formed 

40 conductor or of a tape-formed conductor having the 
corresponding extent. Layers of conductors, for ex- 
ample tapes of aluminium of approximately the 
same width as the length of the winding in the axial 
direction, and an intermediate insulation are then 

45 wound alternately on top of each other until the 
intended geometry of the winding has been at- 
tained, whereafter the resin in the insulation is 
cured. 

Figure 5 shows an instrument transformer in 
so the form of a voitage transformer with an iron core 
28, a primary winding 29, terminals for the primary 
winding 30, a secondary winding 31, terminals for 
the secondary winding 32, an insulation 33, an 
outer casing 34, a clamping frame 35, a ground 
55 connection 36 and covering lids 37 and 38. The 
insulation 33 is cast around the central part of the 
core and around the primary and secondary win- 
dings. The insulation 33 may consist of a material 

5 
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of the same kind as that used in the insulation 26 
in the transformer according to Figures 3 and 4. In 
an instrument transformer in the form of a current 
transformer, the core in its entirety and the secon- 
dary winding only may be cast into an insulation of 
the stated kind, whereas the primary winding is 
located outside. 

Figure 6 shows a high voltage conductor which 
may be used, inter alia, in a connecting line be- 
tween a transformer and static converter valve units 
in a static convenor station in a plant for power 
transmission by means of high voltage direct cur- 
rent. The device of Figure 6 comprises a conductor 
40 and a grounded casing 41 in the form of a tube 
which surrounds the conductor. In the shown part 
of the connecting line, two casing tubes 41a and 
41b make contact with each other at their end 
surfaces. Along the main portion of its extension, 
the conductor is insulated from the casing by pres- 
surized SFg-gas arranged in the space 42, and 
along part of its extension by a solid insulator 43 
arranged between the conductor and the casing, or 
by several such insulators. The insulator is sealin- 
gly fixed to the casing by a ring 44 and supports 
the conductor via a central hole 45. 

The solid insulator may, for example, be manu- 
factured from a resin consisting of 100 parts by 
weight of an epoxy resin of bisphenol A-type and 
containing 5.15-5.5 moles epoxy groups per kilo- 
gram (e.g. CY 205 from Ciba Geigy, Switzerland), 
80 parts by weight methyltetrahydrophthalic acid 
anhydride and 1 part by weight benzyldim ethyl 
amine, to which have been added copper 
phthalocyanine with a grain size of less than 0.1 
urn and aluminium oxide powder with a grain size 
of 0-100 urn and a mean grain size of 15 urn, so 
that the content of copper phthalocyanine con- 
stitutes 30% of the total volume of epoxy resin and 
copper phthalocyanine and the content of alumin- 
ium oxide 10% of the total volume of epoxy resin 
and aluminium oxide. Curing of the resin may be 
carried out by gelling at 150* C for 45 minutes. 

Instead of epoxy resin, an acrylic resin may, 
inter alia, be used which is manufactures from 100 
parts by weight decylmethacrylate, 5 parts 1-4 
butanediol dimethacrylate and 1 part benzoyl per- 
oxide, which can be cured at 50 " C for 3 hours, or 
an unsaturated polyester resin consisting of a reac- 
tion product of 1 mole isophthalic acid, 0.5 mole 
adipic acid, 0.5 mole maleic acid, and 2.2 mole 
propylene glycol, to which have been added 30 per 
cent by weight styrene and 1 per cent by weight 
benzoyl peroxide. The resin can be cured at 
130°C for 3 hours. The manufacture of the solid 
insulator may take place by casting or compression 
moulding. 

Figure 7 shows a high voltage cable. In this the 
conductor 50 is surrounded in conventional manner 



by, respectively, an inner semiconducting layer 51, 
an extruded insulation 52, an outer semiconducting 
layer 53, a screen 54 of metal, which is normally 
grounded, and a sheath 55 of polymer material, for 

5 example PVC. 

The extruded insulation 52 may, for example, 
be of polyethylene, a copolymerisate of ethylene 
and propylene or of ethylene and propylene with a 
diene monomer, in non-cross-linked or cross-linked 

70 form. As a concrete example may be mentioned a 
cross-linked insulation manufactured from 100 
parts by weight LD polyethylene with a melting 
index of 0.2-20, 2 parts by weight di-o-cumyl per- 
oxide, 0.2 parts by weight polymerized trimethyl 

75 dihydroquinoline (antioxidant) and copper 
phthalocyanine with a grain size of less than 0.1 
urn in such an amount that the copper 
phthalocyanine constitutes 10% of the total volume 
of polymer and copper phthalocyanine. The ex- 

20 trusion may take place at 120* C and the cross 
linking at 215° C. 

In the examples given the copper 
phthalocyanine may be replaced completely or par- 
tially by other metal phthalocyanines such as nick- 

25 el, cobalt or iron phthalocyanine, as well as by 
chromium oxide (C^Oa) and iron oxide (Fe 2 03) or 
mixtures of at least two of all the substances men- 
tioned above. 

30 Claims 

1. An electrical insulation (14, 26, 33, 43, 52) 
comprising an organic polymer containing a 
powdered filler with parts with a thickness of 

35 more than 1 mm, which insulation is subjected 

to an electrical field strength of at least 0.5 
kV/mm built up by an alternating voltage, 
characterized in that the insulation contains a 
powdered filler consisting of chromium oxide 

40 (O2O3), iron oxide (Fe203>, metal 

phthalocyanine or a mixture of at least two 
substances of these kinds in such a content 
that the amount of the powdered filler con- 
stitutes at least 10% of the total volume of the 

46 organic polymer and this filler. 

2. An electrical insulation according to claim 1, 
characterized in that the metal 
phthalocyanine consists of copper 

so phthalocyanine. 

3. An electrical insulation according to claim 1 or 
2. characterized in that the powdered filler in 
the insulation has an intrinsic resistivity of 10*- 

55 10 8 ohm-m. 

4. An electrical insulation according to any of the 
preceding claims, characterized in that the 



9/17/2007, EAST Version: 2.1.0.14 



11 



EP 0 440 865 A1 



12 



filler-containing polymer has a resistivity in ex- 
cess of 10 10 ohm-m. 

5. An electrical insulation according to any of the 
preceding claims, characterized in that the 
content of powdered filler in the form of chro- 
mium oxide, iron oxide, metal phthalocyanine 
or a mixture of at least two substances of 
these kinds constitutes 10-40% of the total 
volume of organic polymer and this powdered 
filler. 

6. An electrical insulation according to any of the 
preceding claims, characterized in that it (14) 
is arranged around a bundle (17) of a plurality 
of lengths, arranged side-by-side, of conduc- 
tors of rectangular cross-section for insulating 
the bundle against the walls of a slot (20) in a 
stator or rotor of an electrical machine, in 
which the bundle with the surrounding insula- 
tion is intended to be arranged. 

7. An electrical insulation according to any of 
claims 1-5, characterized in that it (26) is 
arranged between conductor layers (22) in a 
layer-wound transformer or reactor. 

8. An electrical insulation according to any of 
claims 1-5, characterized in that it (33) is 
arranged in the form of a cast polymer cast 
around at least part of the core (28) and at 
least one of the windings (29, 31) in an instru- 
ment transformer. 

9. An electrical insulation according to any of 
claims 1-5, characterized in that it (43) is 
arranged between a conductor (40) and a 
grounded casing (41) along part of the axial 
extension of the conductor, said casing sur- 
rounding the conductor and being filled with 
SF 6 -gas, which together with the insulation in- 
sulates the conductor from said casing. 

10. An electrical insulation according to any of 
claims 1-5, characterized in that it (52) is 
arranged in a cable between a conductor (50) 
and a surrounding grounded screen (54). 

11. An electrical insulation according to any of 
claims 1-9, characterized in that the organic 
polymer consists of a thermosetting resin 
transferred into cured state. 

12. An electrical insulation according to any of 
claims 1-5 and 10, characterized in that the 
organic polymer constitutes a linear polymer. 

13. An electrical insulation according to claim 12, 
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